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OVERVIEW 

6. The invention as claimed relates to a pharmaceutical composition 
comprising ezetimibe and simvastatin, wherein the pharmaceutical composition 
contains citric acid but no ascorbic acid. Several embodiments of the invention (see 
claims 41-44 of the present application) are currently marketed as various dosage 
strengths of VYTORIN®. Of the two active components in VYTORIN®, simvastatin 
presents stability problems requiring a delicate balance of stabilizing agents. 

7. The VYTORIN® ezetimibe-simvastatin formulation is based in part on 
ZOCOR®, which is a commercial formulation containing simvastatin as the sole active 
ingredient. 

8. The ZOCOR® formulation was developed after extensive experiments to 
solve the well-known instability of simvastatin. After extensive experiments with 
numerous stabilizers, the combination of 2: 1 ascorbic acidicitric acid was identified as 
the preferred solution to the problem of stabilizing simvastatin in a pharmaceutical 
formulation. However, the simvastatin formulation would undesirably discolor. This 
problem was addressed by film-coating ZOCOR® tablets to mask the discoloration. 
Consequently, ZOCOR® has been commercialized as a film-coated simvastatin 
formulation containing ascorbic acid since its launch after its December 1991 FDA 
approval date up to the present. 

9. While formulating VYTORIN® the inventors sought an alternative 
stabilizer to ascorbic acid. The inventors unexpectedly found that citric acid was at 
least as effective as ascorbic acid at stabilizing simvastatin, and therefore surprisingly 
citric acid alone could replace the combination of 2:1 ascorbic acid:citric acid that had 
previously been used in the pharmaceutical formulation of ZOCOR®. The inventors 
also surprisingly found that omitting the film coating necessary with formulations 
containing ascorbic acid improved stability in formulations containing citric acid alone. 

10. Removal of the ascorbic acid from pharmaceutical formulations 
containing simvastatin or the ezetimibe-simvastatin combination eliminated the problem 
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of tablet discoloration, thereby eliminating the need for a film coating. Removal of the 
film coating resulted in an additional and unexpected advantage in that the uncoated 
formulations containing citric acid absent ascorbic acid were more stable than 
corresponding coated formulations. 

11. The inventors thus surprisingly discovered that simvastatin stability in 
the ezetimibe-simvastatin formulations with citric acid (no ascorbic acid) had equivalent 
simvastatin stability to the formulation containing the combination of ascorbic acid and 
citric acid, while simultaneously eliminating the need for a film coating to mask 
discoloration. Presented herein is data demonstrating these surprising discoveries. 

EXPERIMENTAL 

12. The following experiments were carried out under my direct supervision 
and control. The test results described herein establish the following facts: 

A. Citric acid alone stabilizes simvastatin as effectively as citric acid 
plus ascorbic acid. 

B. The stability of formulations containing both simvastatin and 
ezetimibe is comparable to that of equivalent formulations containing 
only simvastatin as the active ingredient. This confirms that preceding 
point A regarding formulations containing only simvastatin is relevant to 
ezetimibe-simvastatin formulations. 

C. Uncoated ezetimibe-simvastatin formulations with citric acid 
alone (no ascorbic acid) stabilize simvastatin more than coated 
formulations. Omitting ascorbic acid eliminates the need for an elegance 
coating. 



Citric acid alone stabilizes simvastatin as effectively as citric acid plus ascorbic 
acid. 

13. The data in Figure 1 below demonstrates that citric acid alone stabilizes 
simvastatin formulation as effectively as the combination of ascorbic acid and citric 
acid and that citric acid alone may also be more effective than ascorbic acid alone. 
Removal of both acids resulted in significantly poorer stability. 
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14. Two sets of experiments were conducted to arrive at the data shown in 
Figure 1 below. A total of eight different batches of tablets were prepared as follows. 
Four batches of tablets were prepared corresponding to the ZOCOR® formulation 
("Ascorbic + citric"), the ZOCOR® formulation omitting ascorbic acid ("Citric"), the 
ZOCOR® formulation omitting citric acid ("Ascorbic"), and the ZOCOR® formulation 
omitting both ascorbic acid and citric acid. Each of the four batches was split, and a 
fraction of each batch was film coated. The film-coated tablets ("FCT") were held at 30 
°C and 70 % relative humidity ("RH") for 14 months. The uncoated tablets ("oral 
compressed tablet" or "OCT") were held at 50 °C and 75 % relative humidity ("RH") 
for 0.5 months. After the respective time periods each batch was assayed for 
simvastatin content. Figure 1 shows the percent simvastatin remaining in each batch 
(relative to the percent simvastatin remaining in each batch after storage for 14 months 
at 5 °C and 33% RH). 



FIGURE 1: 

Simvastatin assay (% of assay after 14 months @ 5°C / 33% RH) 
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15. Batch 1 with both ascorbic acid and citric acid and Batch 2 with citric 
acid alone showed equivalent stability. Batch 3 with ascorbic acid alone had slightly 
lower simvastatin assay values than Batches 1-2. Batch 4 omitting ascorbic acid and 
citric acid showed the least stability. 

Stability of formulations containing simvastatin and ezetimibe is comparable to 
equivalent formulations containing only simvastatin. 

16. Table 1 shows the composition of batches X-2350 and X-2351, whereby 
X-2350 was prepared to the commercial ZOCOR® 10 mg core tablet formula and X- 
2351 only differed from X-2350 through the addition of 10 mg of ezetimibe (and 
corresponding reduction of lactose by 10 mg). 

TABLE 1: 



Formulation ingredient 


X-2350 (ZOCOR® 10 mg 
core formula) (mg) 


X-2351 (mg) 


Ezetimibe 




10.00 


Simvastatin MF 


10.00 


10.00 


Microcrystalline cellulose 


5.000 


5.000 


Pregelatinized starch 


10.00 


10.00 


Lactose monohydrate 


70.73 


60.73 


Ascorbic acid 


2.500 


2.500 


Citric acid 


1.250 


1.250 


Butylated hydroxyanisole 


0.02000 


0.02000 


Magnesium stearate 


0.5000 


0.5000 



17. Figure 2 below shows the simvastatin stability data for both batches 
following storage at (i) 40° C / 75% RH (6 weeks), and (ii) 50° C / 75% RH (2 weeks). 
Figure 2 shows that the simvastatin stability profiles of the batches containing both 
ezetimibe and simvastatin were comparable to that of the batches prepared to the 
ZOCOR® formula containing simvastatin alone. This result shows that the simvastatin 
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stability profile is essentially independent of ezetimibe. Accordingly, our conclusions 
drawn from the data in Figure 1 above apply to corresponding ezetimibe-simvastatin 
formulations: Citric acid provides equivalent stability to citric plus ascorbic acid, while 
removing both acids significantly lowers simvastatin stability. 



FIGURE 2: 
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■ X-2350 (ZOCOR core tablet formula) 
□ X-2351 (ZOCOR core tablet formula + ezetimibe) 
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Uncoated formulations with citric acid (no ascorbic acid) stabilize simvastatin 
better than coated formulations with citric acid (no ascorbic acid). Omitting 
ascorbic acid eliminates the need for an elegance coating, 

18. Table 2 below shows the compositions of ezetimibe-simvastatin tablet 
Formulation A and Formulation B. 
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TABLE 2: 



Formulation ingredient 


Formulation A (mg) 


Formulation B (mg) 


Ezetimibe 


5.625 


i n nn 


Simvastatin MF 


i r\ r\r\ 

10.00 


1 A f\f\ 

1U.UU 


Microcrystalline cellulose 


1 1 


i s no 


Hydroxypropyyl methylcellulose 


3.000 


2.000 


Croscarmellose Na 


3.000 


3.000 


Lactose monohydrate 


64.11 


58.23 


Citric acid 


0.7500 


0.2500 


Butylated hydroxyanisole 


0.02000 


0.02000 


Propyl gallate 






Magnesium stearate 


1.000 


1.500 



19. To initially study the impact of the presence/absence of a coating on the 
stability of ezetimibe-simvastatin formulations, a sample of tablets of Formula A (see 
Table 2 above) was coated with an Opadry II formula (33G24555 pink) containing the 
same type and level of colorants as the film coating used on ZOCOR® 10 mg tablets. 
Assay data was generated and analyzed according to the following method for coated 
and uncoated tablet sample batches. Assay data obtained for batches after open storage 
under each of the following conditions (i) 40 °C / 20% RH ("relative humidity") (4 
weeks), (ii) 40 °C / 75% RH (4 weeks), (iii) 50 °C / ambient (4 weeks), or (iv) 50 °C / 
75% RH (4 weeks), were compared as % of the assay results obtained after 2 weeks 
storage at 5 °C / 50% RH. For any of the above storage conditions, the simvastatin 
assays were essentially equivalent, i.e., differed by less than 1% between coated and 
uncoated tablets. However, the coated tablets had higher levels of simvastatin free acid 
at both 40 °C / 75% RH (0.7 versus 0.5%) and 50°C / 75% RH (1.9 versus 1.1%) than 
the uncoated tablets. These results indicate that simvastatin in the uncoated tablets 
degraded to a lesser extent to free acid (see structures below) compared to coated 
tablets. This discovery was unexpected. 
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Simvastatin Simvastatin Free Acid 



20. Tablets of Formula B (see Table 2 above) were prepared and coated with 
three different white (i.e., uncolored) coating formulations. The three white coatings 
used were an HPMC-based Opadry II formulation, a PVA-based Opadry II formulation, 
and a Eudragit RD100 formulation. Tablet samples were packaged in induction-sealed 
HDPE bottles and placed on stability at 5 °C / 50% RH, 30 °C / 60% RH, 40 °C / 20% 
RH and 40 °C / 75% RH. In addition to these, tablets packaged in open containers were 
stored at 40 °C / 75% RH, 50 °C / ambient, 50 °C / 75% RH and 2000 lux / ambient. 
The simvastatin assay data, in % of the assay at 5 °C / 50% RH, were obtained after 4 
weeks stability. 

21. The simvastatin assays of the four batches were found to differ mostly by 
less than 1 to 1.5%, except for 50 °C / 75% RH, where the uncoated control had the 
highest simvastatin assays (97.9%), followed by the tablets coated with Opadry II 
(HPMC) (96.3%), Opadry II (PVA) (95.5%) and Eudragit RD100 (93.2%). Table 3 
below shows the simvastatin free acid levels for the three coated batches and the 
uncoated control after 4 weeks at 50 °C / 75% RH. Table 3 shows that the simvastatin 
free acid levels at 50° C / 75% RH were lowest for the uncoated control, followed by 
the tablets coated with Opadry II (HPMC), Eudragit RD100, and Opadry II (PVA). 
These results confirm that simvastatin in uncoated tablets degrade to a lesser extent to 
free acid compared to coated tablets, an unexpected discovery. 
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TABLE 3: 



Sample 


Simvastatin free acid level (%) 


Uncoated control 


1.2 


Coated sample - Opadry II (HPMC) 


1.6 


Coated sample - Eudragit ED 100 


2.1 


Coated sample - Opadry II (PVA) 


2.6 



22. I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful statements may 
jeopardize the validity of the application or any patent issued thereon. 



Date: !>Q<^oCr *ooC 
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